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The 4PB decomposition rate at 50 °C is -2.23E-06 ± 1.33E-06 mol/L/day for Tank 23H and -1.74E-06 ± 0.35E-06 mol/L/day for IW at 50 °C, assuming a linear regression analysis based on the calculated initial 4PB concentrations. The maximum benzene generation rate from 4PB decomposition is 8.90E-06 ± 5.30E-06 mol/L/day for Tank 23H and 6.95E-06 ± 1.41E-06 mol/L/day for IW at 50 °C. This assumes all of the 4PB degrades to benzene. Based on our testing, approximately 90% of the 4PB primarily decomposes to phenol, not benzene. The likely benzene generation rate from 4PB decomposition is roughly 8.90E-07 ± 5.30E-07 mol/L/day for Tank 23H and 6.95E-07 ± 1.41E-07 mol/L/day for IW at 50 °C. Because of the limited data available and questions concerning the uniformity of the solids, the 95% confidence limit that gives the most conservative estimate of the 4PB decomposition rate. No testing at 100 °C was performed because of the fast decomposition at 50 °C.
Phase 2 was designed to determine the 4PB decomposition rate if a high hydroxide or high nitrate salt solution is added to the tank. Any 4PB solids left behind after the slurry operation are expected to decompose more slowly based on the fact that future solutions are expected to have high free hydroxide concentrations and the tank will be at temperatures closer to ambient than 50 °C.
The 4PB decomposition rate at 50 °C is -4.14E-07 ± 5.72E-07 mol/L/day for High Hydroxide simulants at 50 °C, assuming a linear regression analysis based on the calculated initial 4PB concentrations.
The 4PB decomposition is expected to produce primarily phenol, not benzene, during the planned slurrying and feeding of the slurry to Saltstone. Pulling a Tank 50H slurry sample towards the end of feeding to Saltstone is recommended. The 4PB analysis of this sample could be used to better estimate the 4PB potential in Tank 50H than a solids estimate combined with analyses of Tank 50H solids after Tank 50H is emptied. This data could be used to formulate a better flammability strategy for Tank 50H.
Background
Decontaminated liquid waste at the Savannah River Site is grouted for disposal in the Saltstone Facility. Tank 50H serves as a staging tank and routinely transfers supernate to the Saltstone feed tank. During October of 2002, the mass balances for transfers from Tank 50H to Saltstone started to show discrepancies. On October 22, 2002, the differences in mass balance between the two facilities exceeded a preset value of 10 %.
At that time, High Level Waste Operations personnel inserted a video camera into the riser nearest the discharge point to Saltstone and observed a mound of solids. Subsequent to that observation, an inspection in the opposite (northeast) quadrant of the tank revealed a second mound of solids.
In order to remove the solids from Tank 50H, High Level Waste Operations personnel have installed two additional slurry pumps and plan to add either Tank 23H supernate or Inhibited Water to reslurry the solids. Addition of these liquids could increase the decomposition rate of the 4PB and lead to higher benzene generation rate.
SRTC personnel estimated the maximum 4PB decomposition rate to be 5.0 mol/day + 9.6 x 10 -7 mol/L/day 1 . Table 1 below summarizes the benzene generation rate at various tank levels. Actual Tank 50H solids were used in each of the experiments. A solution (Tank 23 waste, IW, high hydroxide or low hydroxide simulant) was combined with the Tank 50H solids in a 250 ml polypropylene sample bottle. The bottles were temperature controlled and mixed by placing them in an orbital shaker to simulate the expected Tank 50H temperature (ambient and 50 °C). After the slurry was held at temperature for the desired hold time (one to six weeks), the sample bottle was removed from the orbital shaker and submitted to ADS for analysis. Tom White of ADS extracted the organic from the sample using acetonitrile and analyzed the extracted sample for 4PB degradation products using High Pressure Liquid Chromatography (HPLC). Knowing the extraction efficiency of the solvent, the 4PB degradation products can be accurately estimated. The concentration of 4PB in the analysis was used to estimate the 4PB degradation rate. The degradation products were used to determine the extent of the degradation and as a secondary method for calculating the degradation rate.
Solids Preparation
Early testing showed that 4PB analyses varied from 60-1150 mg 4PB/L solids 3 . The tank 50H solids were not uniform in composition, so care was taken to homogenize the Tank 50H solids. The solids were placed in a dish and the solid size was reduced using a pestle and scoopula. The homogenized solids were added to a 500 ml wide mouth polyethylene bottle and were then split into 1.8 g sub-samples.
Sample Preparation
Even after the solids were homogenized, 4PB variability within the sub-samples was similar to the variability of the original Tank 50H solids samples. In order to minimize the impact of sample variability, a decision was made to extract the organic from the whole sample rather than trying to pull a representative sub-sample from the bottle. In order to treat the 1.8 g solid sample, the entire sample was contacted with acetonitrile to extract the organic species. Analysis of the samples by this method led to minimal sample to sample variation ( Table 2) . In order to demonstrate that acetonitrile was a reliable method for extracting the organic species of interest, a second extraction with the same sample and no 4PB or degradation products were detected.
Based on these analyses, using 95% confidence limits, the Tank 50H solids contain 357.7 ± 8.0 mg 4PB/kg solids, <20 3PB mg/kg solids, <20 mg 2PB /kg solids, <20 mg1PB /kg solids and 41.0 ± 5.0 mg phenol /kg solids. Sample ID 4PB  3PB  2PB  PBA  Phenol  3-192053 354  <20  <20  <20  39  3-192054 359  <20  <20  <20  43  3-192055 360  <20  <20  <20  41 Based on the above Solids composition and the mass of the added solutions, the starting concentration of 4PB and degradation products was calculated for the various solutions. The results are reported in Table 3 . Table 4 . The Tank 50H solids were combined with liquid in a 250 ml polypropylene sample bottle. The samples were capped, placed in a room temperature or 50 °C orbital shaker, and held at temperature as long as required. The sample bottle was removed and submitted to ADS for analyses. ADS consumed the entire sample by using acetonitrile to extract the organic from the sample. The Tank 50H samples were 357.7 mg 4PB/kg solids which would give a starting concentration of ~30 mg 4PB/kg slurry after combining the Tank 50H solids with 17 ml of solution or ~90 mg 4PB/kg slurry after combining the Tank 50H solids with 5.1 ml of solution.
Figure 1 -Photograph of Tank 50H solids plus Inhibited Water Phase 2 -Solids Left Behind Testing
If the Tank 50H solids could not be removed by slurrying and pumping them to Saltstone, would there be any disadvantage to leaving the solids in Tank 50H and allowing any HLW to be transferred into Tank 50H? The Phase 2 experiments are summarized in Table 5 . 4 A suite of catalysts, sludge, and MST (Enhanced Catalyst Composition 5 or ECC) was added to ensure that any metal catalyst that might decompose the 4PB would be present in the simulant. The simulants (Table 6 ) and ECCs (Table 7) are summarized below. Testing was completed as was described in Phase 1. For each test, six sample bottles were prepared by combining 1.8 g Tank 50H solids, and 17 ml simulant with noble metals. The sample bottles were placed in a shaker bath and pulled as required for analysis.
Results

Phase 1 -Slurry Testing Question 1 -What is the 4PB decomposition rate of Tank 50H solids in Tank 23H and Inhibited Water?
Experiments 3 and 4 were designed to be identical; except that experiment 3 used Tank 23H supernate and experiment 4 used IW. The data are summarized in Figure 2 * . As can be seen from the data, Tank 23H leads to faster 4PB decomposition than Inhibited Water. Based on this data, the 4PB decomposition rate is -2.23E-06 ± 1.33E-06 mol/L/day for Tank 23H and -1.74E-06 ± 0.35E-06 mol/L/day for IW at 50 °C, assuming a linear regression analysis based on the calculated initial 4PB concentrations. Note at these rates, the 4PB would be destroyed in six to nine weeks. 
Figure 2 -4PB Degradation Rate Comparison of IW versus Tank 23H supernate Question 2 -What is the benzene generation rate of Tank 23H compared to IW?
The maximum benzene generation rate is four times the 4PB decomposition rate or 8.90E-06 ± 5.30E-06 mol/L/day for Tank 23H and 6.95E-06 ± 1.41E-06 mol/L/day for IW at 50 °C, assuming a linear regression analysis based on the calculated initial 4PB concentrations. 4PB can decompose to a variety of products including benzene and phenol. Although the 4PB decomposition rate is fast in the experiments at 50 °C, the phenol concentration suggests that the predominant decomposition product is phenol, not benzene. Samples taken at the end of the third week of testing were analyzed for both benzene and phenol using GC/MS. Note there is 10-15 times as much phenol as benzene in these samples. The data from the first three weeks is summarized in Table 8 . Based on this data, the benzene generation rate is 8.90E-07 ± 5.30E-07 mol/L/day for Tank 23H and 6.95E-07 ± 1.41E-07 mol/L/day for IW at 50 °C. Note also that the destruction rate of 4PB is nearly equal to the phenol generation rate, suggesting that the primary decomposition product is phenol, not benzene. The data is summarized in Figure 3 . Experiments 1 and 4 were designed to be identical; except that experiment 2 added 5.1 ml of inhibited water to 1.8 g Tank 50H solids to simulate the addition of 300,000 gallons of IW to Tank 50H. Experiment 2 added 17 ml of inhibited water to 1.8 g Tank 50H solids to simulate the addition of 1,000,000 gallons of IW to Tank 50H. Both experiments were performed at 50 °C.
To simplify the comparison of the two experiments, the data at 300,000 gallons were corrected by dilution as if 1,000,000 gallons were present. The data is summarized in 17  50  14  41  <1  <1  <2  14  0  3-190651  High Hydroxide  17  50  21  36  <1  <5  <2  13  0  3-190651  High Hydroxide  17  50  21  36  <1  <5  <2  13  0  3-190652  High Hydroxide  17  50  28  36  <1  <1  <2  13  0  3-190653  High Hydroxide  17  50  35  28  <2  <2  <2  15  0  3-190654  High Hydroxide  17  50  42  28  <1 <1 <2 17 ± 1.33 mol/day at 300,000 gallons and -6.58 ± 1.33 mol/day at 1,000,000 gallons. The higher decomposition rate at the higher volume is likely due to (1) faster dissolution of the Tank 50H solids since more solution is present and (2) the Tank 23H solution likely contains catalysts that increase the 4PB Lambert, et al.
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decomposition and more solution would add more catalyst to the solids. The decomposition rate is 34% higher at the higher volume. high nitrate to a high hydroxide composition. As a result two simulant solutions were chosen to represent the extremes, a high hydroxide simulant and a high nitrate (low hydroxide) simulant. A suite of catalysts (sludge, MST and ECCs) was added to ensure that any metal catalyst that might decompose the 4PB would be present in the simulant.
Question 4 -What is the 4PB decomposition rate if the solids are left behind in Tank 50H?
Three sets of experiments were completed in Phase 2. Experiment 1 added the equivalent of 1,000,000 gallons of high hydroxide simulant (3.05 M free hydroxide) to 61,000 gallons of solids and was completed over six weeks at ambient temperature. Experiment 2 was identical at 50 °C. Experiment 3 added the equivalent of 1,000,000 gallons of high nitrate simulant (1.17 M free hydroxide) to 61,000 gallons of solids and was completed over six weeks at ambient temperature.
The decomposition of 4PB was significantly lower in the Phase 2 Experiments. The data are summarized in Figure 5 . Based on this data, the 4PB decomposition rate is -4.14E-07 ± 5.72E-07 mol/L/day for the high hydroxide simulant at 50 °C, assuming a linear regression analysis based on the calculated initial 4PB concentrations. Note at these rates, the 4PB would be destroyed in approximately 40 weeks. Note the degradation rate in this experiment is approximately 1/5 th degradation in the Tank 23 experiment.
A 4PB decomposition rate could not be calculated for the two Phase 2 tests at ambient temperature because of the slow decomposition rates. A least squares fit of the data for each experiment calculated a slope of approximately 0 (no degradation). Phase 1 experiments 2 and 4 were designed to be identical; except that experiment 2 used IW at 25 °C and experiment 4 used IW at 50 °C. Based on the limited information, there is no way to answer this question based on the Phase 1 data (we only have two weeks of data at 25 °C and one of the two 4PB values is 60 mg/L, much higher than the starting concentration). The phase 2 data from experiments 1 and 2 can be used to answer this question, although it can not be quantified. Based on the data in Figure 5 , the 4PB is decomposition rate appears higher at 50 °C. The fastest 4PB decomposition is expected in solutions that increase the KTPB solubility (lower free hydroxide concentration), that are well mixed, and that are at higher temperatures.
Conclusions
The 4PB in the Tank 50H solids decomposed rapidly during testing with Tank 23H and Inhibited Water solutions at 50 °C. It is expected that the 4PB will decompose rapidly in Tank 50H if the liquid temperature approaches 50 °C during the planned operation to slurry the Tank 50H solids and feed the resultant solution to Saltstone. During these evolutions, most of the 4PB is expected to decompose. The following are the conclusions from this testing.
This report summarizes the results of testing to determine the 4PB degradation rate of solids in Tank 50H. Phase 1 was designed to determine the tetraphenylborate (4PB) The 4PB decomposition rate at 50 °C is -2.23E-06 ± 1.33E-06 mol/L/day for Tank 23H and -1.74E-06 ± 0.35E-06 mol/L/day for IW at 50 °C, assuming a linear regression analysis based on the calculated initial 4PB concentrations. The maximum benzene generation rate from 4PB decomposition is 8.90E-06 ± 5.30E-06 mol/L/day for Tank 23H and 6.95E-06 ± 1.41E-06 mol/L/day for IW at 50 °C. This assumes all of the 4PB degrades to benzene. Based on our testing, approximately 90% of the 4PB primarily decomposes to phenol, not benzene. The likely benzene generation rate from 4PB decomposition is roughly 8.90E-07 ± 5.30E-07 mol/L/day for Tank 23H and 6.95E-07 ± 1.41E-07 mol/L/day for IW at 50 °C. Because of the limited data available and questions concerning the uniformity of the solids, the 95% confidence limit that gives the most conservative estimate of the 4PB decomposition rate. No testing at 100 °C was performed because of the fast decomposition at 50 °C.
The 4PB decomposition rate at 50 °C is -2.23E-06 ± 1.33E-06 mol/L/day for Tank 23H and -1.74E-06 ± 0.35E-06 mol/L/day for IW at 50 °C, assuming a linear regression analysis based on the calculated initial 4PB concentrations. The maximum benzene generation rate from 4PB decomposition is 8.90E-06 ± 5.30E-06 mol/L/day for Tank 23H and 6.95E-06 ± 1.41E-06 mol/L/day for IW at 50 °C. This assumes all of the 4PB degrades to benzene. Based on our testing, approximately 90% of the 4PB primarily decomposes to phenol, not benzene. The likely benzene generation rate from 4PB decomposition is roughly 8.90E-07 ± 5.30E-07 mol/L/day for Tank 23H and 6.95E-07 ± 1.41E-07 mol/L/day for IW at 50 °C. Because of the limited data available and questions concerning the uniformity of the solids, the 95% confidence limit that gives the most conservative estimate of the 4PB decomposition rate. No testing at 100 °C was performed because of the fast decomposition at 50 °C. Phase 2 was designed to determine the 4PB decomposition rate if a high hydroxide or high nitrate salt solution is added to the tank. Any 4PB solids left behind after the slurry operation are expected to decompose more slowly based on the fact that future solutions are expected to have high free hydroxide concentrations and the tank will be at temperatures closer to ambient than 50 °C.
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The 4PB decomposition is expected to produce primarily phenol, not benzene, during the planned slurrying and feeding of the slurry to Saltstone. Pulling a Tank 50H slurry sample towards the end of feeding to Saltstone is recommended. The 4PB analysis of this sample could be used to better estimate the 4PB potential in Tank 50H than a solids estimate combined with analyses of Tank 50H solids after Tank 50H is emptied. This data could be used to formulate a better flammability strategy for Tank 50H.Acknowledgements
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